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Abstract
Food contact materials have high societal importance due to their influence on food quality and safety. In the 
food chain production, food matrix may interfere with many types of materials, particularly with food packaging. 
During the last decades, the concerns related to food packaging (especially plastics) and the migration of chemicals 
from food contact materials increased significantly, being affected by the nature and complexity of the food, the 
contact time and temperature, the type of food packaging material and the molecular size of the migrators. Some 
of these migrators are toxic and/or have endocrine disrupting activity. This overview reveals recent data (since 
2015) about food contact materials as a source of food chemical contamination, their compliance in Europe, the 
analytical characterization of chemicals migrating from food contact materials as well the  human exposure to such 
chemicals. There are mentioned the most recent scientific articles and experimental data on these topics, available 
from official, public reports or web sources. The major point in defining shortcomings in the current food contact 
risk assessment mechanism and legislation is that safety of food contact materials is currently less guaranteed due 
to different risk assessment, authorization processes across the Europe and their problematic enforcement.
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Introduction			
Food contact materials (FCM) industry is 
a rapidly evolving field. These materials have 
high societal importance due to their influence 
on food, from quality and safety point of view. 
Simultaneous, these materials are able not only to preserve food items for a longer time during storage but also to protect them from physical damage and even to reduce the food waste 
(Sanchis et al., 2017; Geueke and Muncke, 2017; 
Muncke et al., 2017; Geueke et al., 2018; Pawlicka 
et al., 2019; BEUC, 2019). European Food Safety 
Authority (EFSA) is defining FCMs as all kind of 
materials and articles that come in contact with 
food, e.g. plastics, glass, paper, metal, printing inks, 
rubbers, coatings and others (https://ec.europa.
eu). Manufacturers of raw materials, intermediate 
and final FCMs, together with importers and 
distributors, are altogether important actors in the chain (Simoneau et al., 2016).  Although food contact materials existed since 
long time ago, being made up of natural materials, 
nowadays they are mostly synthetic, e.g. plastics 
materials used for food packaging (Hahladakis 
et al., 2017). Since the evolution of FCMs and of 
food packaging is very fast, the issues of concern 
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changed, therefore this is not anymore a matter of convenience but more to ensure safety and 
security of food for worldwide consumers (Rani et 
al., 2018). 
Very often, FCMs are not inert; therefore, 
chemical compounds intentionally added (IAS) 
and non-intentionally added (NIAS) inserted in FCMs could migrate into food and seriously 
harm consumer’s health, due to their toxicity or 
endocrine disrupting activity (EDC) (Trasande et 
al., 2015). For this reason, every FCM placed on 
European market has to comply with a legislative 
framework in place for all European countries 
and where available, with additional national 
regulations (Mertens et al., 2017; Van Bossuyt, 2016; http://www.foodcontactmaterials.com). In 
general, the migration of FCM chemicals depends 
mostly on the food type, FCM composition, contact 
time and temperature, surface contact between 
FCM and food, and the molecular weight (<1000 
Da) of the migrating chemicals (Pieke et al., 2018; 
Qian et al., 2018).It is provided here a comprehensive review 
of the recent (mostly since 2015) scientific literature and technical documentation from 
EU on food contact materials (with emphasis on 
the later). The recent FCMs issues regarding the 
lack or insufficient data of specific regulations 
for certain materials, the identification of mostly contaminated food types and the analytical 
methods used to identify and quantify IAS and NIAS that migrate from FCMs into foods are also presented. 
Food	 contact	 materials	 compliance	 in	
Europe   
FCM regulatory requirements are complex and vary within different regions of the globe. The most comprehensive legislation in place is in 
the European Union (EU), USA and more recently, 
China, but many countries are taking initiatives 
to create and enforce regulations (https://www.
packageintegrity.com). For industry, it is important to be able to demonstrate the compliance of these 
materials, due to the migration of chemicals into 
food (https://packaging360.in). 
The European Food Safety Authority (EFSA) is 
a risk assessor that provides independent scientific advice useful for the European Commission 
(EC), as a risk manager, which further is making decisions addressed to issues related to potential 
threats in the food chain, therefore also for FCMs 
(EFSA, 2016).The EU rules on FCMs can have a general 
character, setting out principles of safety and 
inertness, or can be addressed to specific materials only. EU legislation is mandatory in all Member 
States, but could be combined with the national 
legislation, specific for each country. Regulation 
(EC) No 1935/2004 require two important 
aspects that FCMs need to respect: “not transfer 
their constituents to food in quantities which 
could endanger human health, bring unacceptable 
change in the composition of the food, bring about a deterioration in the organoleptic characteristics 
thereof “. Annex I from this regulation depicts 
17 FCMs groups of materials and articles, as it follows: active and intelligent materials and 
articles, adhesives, ceramics, cork, rubbers, glass, 
ion-exchange resins, metals and alloys, paper 
and board, plastics, printing inks, regenerated 
cellulose, silicones, textiles, varnishes and 
coatings, waxes and wood,  (EU No. 1935/2004).  Since plastics are highly diverse and the most 
commonly used materials (Geueke et al., 2018), 
they are subjected to a more detailed regulation, often amended and corrected including an EU 
list (almost900 authorized chemicals). Specific 
migration limits (SML) are available for certain 
chemicals and a group of restricted chemicals (EU 
No. 10/2011). For all other non-plastic FCMs (e.g. 
paper and board, metals, rubbers), manufacturers 
shall rely on national legislation, if any, or to 
perform risk assessments further shared with the 
authorities, upon their request. For this purpose, 
they may refer to a list initiated by EFSA (ESCO list), which contains about 3000 entries of compounds 
used in non-plastic FCMs. Secondly, industry can 
access the modeling tool on FACET database, useful for estimation of exposure to chemicals in 
food, which include 6475 FCM chemicals (Geueke 
and Muncke, 2017). Figure1 presents current 
harmonized regulations addressed to specific materials or substances.
In Europe, the overall chemical’s industry is represented by European Chemical Industry 
Council (CEFIC), the umbrella organization with 
670 members and affiliates (Simoneau et al., 
2016). From the starting chemicals used in FCMs, resins are sometimes considered separately. These are converted into polymers and further used for 
manufacturing of plastics (e.g. polycarbonate 
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bottles), coatings (e.g. internal coating of metal 
cans) and others. The most representative monomer used for production of epoxy resins is 
bisphenol A, a controversial substance, having 
endocrine disrupting activity. Since 2011, this compound was banned in all baby bottles and 
articles intended for infants (Onghena et al., 2016; 
Soto et al., 2017; Russo et al., 2017; Vavrous et al., 
2019).The legal basis of Rapid Alert System for Food 
and Feed (RASFF) allows to all Member States to 
notify, by a specific platform, any serious direct or 
indirect risk to the health of consumers, including 
FCMs problems. In 2018, 139 notifications related 
to FCM were reported on the RASFF, mostly related 
to migration of chemicals, as could be observed in Table 1. The compliance of these materials was evaluated by placing them in contact with food 
simulants (RASFF, 2019).  Regarding the situation 
in Romania, between 1980 and 2018, from a total 
of 210 notifications through RASFF, 9 notifications 
were FCMs related (Stanciu 2019).A more recent regulation is related to FCMs 
originating from China and Hong-Kong, in order 
to comply with EU specifications of each Member 
State. Also, the Brexit presumably, will exclude in 
the future the application of EU food laws in UK.
FCMs	 as	 a	 source	 of	 food	 chemical	
contaminationThe contact materials intended to be used for food products may release intentionally added 
chemicals (IASs) e.g. antioxidants, plasticizers, 
stabilizers, auxiliary substances used in the 
production of plastics aimed at obtaining specific 
technological effects (Lago et al., 2019). On the 
other hand, nonintentionally added chemicals 
(NIASs) can migrate into food, such as impurities 
and reaction products from processing, e.g. 
primary aromatic amines (Sachis et al., 2017; 
Pawlicka, 2019). While migration problem in the past was 
predominantly related to plastics (e.g. bisphenol 
A and phthalates), nowadays the number of food 
crises from non-plastic materials (e.g. printed 
cardboard) has increased (Bossuyt et al., 2016). These are covering a large part of the non-plastic 
FCMs (Lago et al., 2015).The need of plastic substitution with ecofriendly materials has brought to attention 
Figure	1. Overview on European Regulation regarding the most common FCMs and specific substances.
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other source of food contamination. The bio-based 
food contact materials (BBFCMs) are polymers 
derived from sustainable sources (e.g. animal 
or plant biomass), generally biodegradable and 
with the same properties as conventional plastics, obtained by chemical synthesis of renewable bio-based monomers or produced by microorganisms. Such materials are bio-polyethylene terephthalate 
(bio-PET) and bio-polyethylene (bio-PE). BBFCMs 
processing may also provide a source of NIAS, such as acrylamide and dioxins with migration 
potential upon food contact (Bonwick et al., 2019). 
To manage packaging waste made of plastic, 
steel, paper and board, etc, recycling is an important 
measure currently taken. However, recycling is contributing to chemical contamination of 
food when potentially hazardous chemicals are migrating from the recycled material into 
food (Strakova et al., 2018). Starting with 2010, 
EFSA adopted 79 scientific opinions necessary to evaluate over 130 recycling processes for 
plastics used in FCMs (EFSA, 2018). EFSA does not 
consider PET recycling being a safety concern, if 
processes take place under specific conditions and 
acknowledge that the potentially migration level of 
unknown contaminants does not exceed 0.1 µg/kg food or even the content of the recycled material 
in the final product is restricted. Recycled plastics 
(PET, polystyrene, polypropylene) represent an 
important source of food contamination, including 
oligomers, additives, different degradation 
products, acetophenone and benzaldehyde 
(oxygenated derivatives of styrene), and even 
chemicals derived from previous usage, inorganic 
elements, mineral oil hydrocarbons (MOH) and mineral oil aromatic saturated hydrocarbons 
(MOSH) from recycled paper and board. (Barp et 
al., 2015; Geueke et al., 2018; Zhang et al., 2019).
Per- and polyfluoroalkyl substances (PFAS) 
are known as NIAS of the fluoropolymer industry, 
but some of them are also used intentionally, as 
paper and board coatings. Consequently, PFAS 
have been frequently identified in food items like 
fish, milk products, butter, and even edible oils 
(Vavrous et al., 2019; Barp et al., 2015).
Analytical	 characterization	 of	 chemicals	
from	FCMs	   
In general, the amount of FCM components 
that can migrate into foods, liquids or solids, depends on several factors regarding both FCM and food itself. The number of migrators depends 
on their concentration in FCM, their molecular weight and solubility among other factors such 
as food type (liquid, viscous or solid), the nature 
of food (fatty, acidic), the pH, contact time and 
temperature, contact surface, etc. (Lopes et al., 
2019). From thousands of different molecules 
contained by plastic FCMs, over 300 have been 
considered of health concern, but the specific migration of only less than 40 chemicals is 
assessed by standard validated methods, approved by regulatory agencies. Several methods are reported in literature for the determination 
of different migrating plasticizers: gas and liquid 
chromatography (GC and LC) coupled with mass 
spectrometry (MS), pyrolysis-GC/MS, Fourier-
transform infrared spectroscopy (FTIR) (Qian et 
al., 2018; You and O’Keefe, 2017).
Chromatographic techniques are predominant 
tools in this field, due to their excellent sensitivity 
and selectivity, which is necessary to detect, 
identify and quantify small concentrations of the analytes. While targeted analysis through 
chromatographic techniques is used to determine 
known analytes, non-targeted approach is 
achieved by GC-MS and gives a more complete 
Table	1. Main materials and migrating chemicals notified through RASFF in 2018
Type	of	food	contact	material Migrating	compounds Number	of	notificationsMelamine Formaldehyde, melamine 38Nylon Primary aromatic hydrocarbons 25Metal Chromium, nickel, manganese, cobalt, arsenic, lead, cadmium, lithium, 
aluminum, iron
24
Ceramics, decorated glass Lead, cadmium, cobalt 10Silicone Volatile organic compounds 5
Lids of jar, plastic articles Plasticizers 5
Source: RASFF, 2019
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information of known and unknown compounds 
from analyzed samples (Ibarra et al., 2018). Both 
LC and GC are suitable for analysis of bisphenols, phthalates and phototinitiators; bisphenols 
require derivatization prior GC but are directly analysed by LC. LC is the method of choice for per- 
and polyfluoroalkyl substances (PFAS) (Vavrous et 
al., 2019; Ibarra et al., 2018).
To assess whether the migration took place 
or not, there are two major possibilities: to place food simulants in contact with materials and 
to check them for compliance with regulations, 
secondly and most difficult, to analyze directly the food items. For plastic materials two types of migration limits have been established in Commission Regulation EU No 10/2011. Overall 
migration (OML) is the sum of all substances 
able to migrate from the FCM into food (or food 
simulant) and measures the inertness of the 
FCM. The specific migration (SML) applies to an individual substance and is based on toxicological 
studies. Analytical techniques are used to identify the presence of these substances in food and in 
food simulants (EU No 10/2011).
Human	 exposure	 to	 chemicals	 migrated	
from	FCMWhat is mostly important for the human exposure studies is the migration of plastic components and their possible toxicity. Most of the plastics contain residual monomers and 
other additives. Some of them have been linked to 
health problems, due to their ability to interfere 
with the endocrine system, by interacting with receptors. Chronic exposure to endocrine 
disrupting chemicals (EDCs) could lead to serious 
health problems, such as different types of 
cancer, reproductive problems, asthma, metabolic disorders and even neuro-developmental issues 
(Pawlicka et al., 2019).  Many chemicals used for manufacturing of 
FCMs were identified in an EU regulation regarding 
the Registration, Evaluation, Authorization and 
restriction of Chemicals (REACH).  Such substances 
of very high concern (SVHC), with endocrine 
disrupting activity, are phthalates (e.g. Di-2-
ethylhexyl phthalate, dibutyl phthalate, diisobutyl 
phthalate) (Pawlicka et al., 2019; Vavrous et al., 
2019), bisphenols (bisphenol A and bisphenol 
S). Printed food packaging, recycled paper and 
cardboard, metal can linings, are all sources of 
EDCs (Russo et al., 2017; Soto et al., 2017; Peng et 
al., 2019). 
Perfluorooctane sulfonate (PFOS) and 
perfluorooctane acid (PFOA), belong to the group 
of per- and polyfluoroalkyl substances (PFASs). These are used to obtain waxed paper and anti-
stick coatings used in cooking utensils and are 
considered bioaccummulative, persistent and 
toxic for reproductive system, based on both in 
vitro and in vivo studies (Vavrous et al., 2019).
Bisphenol A diglycidyl ether (BADGE) and 
bisphenol diglycidyl ether (BFDGE) are used in 
various consumer products, mainly in the internal coatings of food and beverage cans. In vitro studies have shown their mutagenic and teratogenic effect. 
Surprisingly, was reported that BADGE poses an 
endocrinal effect greater than BPA (Wang et al., 
2015).A noticeable absence of overlap between 
REACH and FCMs regulation is noticed. Although 
a compound can be identified as a SVHC under 
REACH regulation, this does not generate automatic action from behalf of FCM legislation. 
The ineffective link between data gathered in 
REACH and FCM legislation gives no pressure 
for substitution of SVHCs in FCMs regulations 
(Vavrous et al., 2019).
Conclusion	
Due to the different risk assessment and 
authorization strategies across the European 
Community regarding current food contact risk 
assessment and regulation, safety of food contact materials is less guaranteed. From seventeen types 
of food contact materials, only for five of them 
exist specific regulation; some starting substances 
are still not covered by specific laws, are often not 
evaluated or not even identified. Therefore, it is vital to create new laws and together with existing 
ones, to obtain a harmonized regulation enforced at European level. Imported products from non-
EU states need to be carefully checked in order to comply with EU regulations.The analysis of non-intentionally added substances is problematic due to the considerable 
gap of knowledge and the lack of analytical 
standards. The identification of these compounds 
needs to be done, and if possible, to reduce them. 
Risk assessment data needs an update regarding many migrating chemicals since many of 
TOMA et al.
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them poses toxicity or, worst, endocrine disrupting activity activity. 
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